We present frequency tunable metamaterial designs at terahertz (THz) frequencies 
Numerous approaches to modify the electromagnetic response of metamaterials (i.e. frequency and/or amplitude of the resonance) have been considered. This includes modification of the substrate parameters (e.g. permittivity) [4, 5] , the use of liquid crystals [6] [7] , lumped capacitors or varactors [8] [9] [10] [11] [12] , ferromagnetic [13, 14] and ferroelectric [15, 16] techniques, semiconductors [17] [18] [19] , microelectromechanical (MEMS) switches [20] [21] [22] , and tuning based on near-field interactions between adjacent SRRs [23] [24] [25] [26] [27] . This last approach is the topic of the present study.
Wang et al. proposed tuning the electromagnetic response in the microwave region through sub-unit cell relative displacements between the two layers comprising a broadside-coupled SRR (BC-SRR) structure (see Fig. 1(b) ) under magnetic excitation [23] . They showed that displacement resulted in a capacitance change (the mutual inductance change was negligible) yielding a shift of f 0 . In [24] and [25] structural tuning was also investigated under magnetic excitation at microwave frequencies by in-plane vertical displacement of the BC-SRR layers.
The definition of in-plane horizontal and vertical displacement of the two layers comprising the BC-SRR array is depicted in Fig. 1(c) and (d) . Importantly, as a function of horizontal displacement, a blueshift was observed for magnetic excitation [25] .
In this paper, we investigate the effects of lateral shifting of broadside coupled metamaterials at THz frequencies under electrical excitation (see Fig 1(b) ). As we demonstrate, the near field coupling of these structures is different for electrical and magnetic excitation. To illustrate this, we design, fabricate, and characterize two-layered terahertz The structures were fabricated using conventional photolithography. For all structures, 5µm of polyimide was spin-coated on GaAs as a superstrate and then 200nm thick gold with a 10nm thick adhesion layer of titanium is deposited on a resist layer (S1813, Shipley) and patterned to form a planar array of SRR structures. Another 4µm thick polyimide layer was then coated on the SRR array as the spacer. Next, the second planar array of SRRs was patterned to form a BC-SRR structure. Finally, a 5µm thick polyimide was coated on metamaterials as the second superstrate (see Fig. 3(b) ). The multi-layer structure was removed from the GaAs resulting in a thin metamaterial film with a total thickness of 14 µm. The polyimide (PI-5878G, HD MicrosystemsTM) has the relative permittivity (ε r ) of 2.88 and the dielectric loss-tangent of (tanδ c =0.0313). The measurements were performed using THz-TDS.
To characterize changes in the electromagnetic response resulting from changes in near field coupling, we fabricated, tested, and simulated structures with shifts from 0µm to 30µm in 5µm steps. Optical microscope pictures of the vertically shifted BC-SRR arrays and the corresponding simulation/experimental results are given in Fig. 4(a) and Fig. 4(b)/Fig. 4(c is anticipated from our basic coupling discussion above.
Finally, we note that as a function of shifting (especially obvious for vertically shifting),
there is a broadening of the transmission resonance. The analysis of this broadening (arising from an increase in the oscillator strength), along with an effective medium analysis will be presented in a subsequent publication.
In conclusion, we have investigated the effect of near field coupling in electrically 
